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Abstract: Absorbing materials in ultra-high frequency (UHF) band has constantly been a major 
challenge. The size of the absorber in UHF band is large, whereas the resonant frequency band is 
narrow. According to Rozanov’s theory, two kinds of composite metamaterial absorbers are 
designed to realize the requirements of low-frequency broadband metamaterial microwave 
absorber: the magnetic- metamaterial composite absorber1 (MA1) and the dielectric- metamaterial 
composite absorber 2 (MA2). In the range of approximately 300-1000MHz, both absorbers 
achieve absorption of over 90% and feature good adaptability to the incident angle of the incident 
wave. The absorbers also present good absorption rate of over 80% in the range of 0° − 45°. 
Processing samples of indium tin oxide (ITO) resistance film and polymethacrylimide (PMI) foam 
board feature simple preparation and low cost, and the most important thing is to consider the 
weight problem, which features certain advantages in terms of use. 
Index Terms: UHF, metamaterial, low-frequency broadband, dendritic resistance film 
 
I. Introduction 
The application of ultra-high frequency (UHF) electro-magnetic(EM) wave has been widely 
used in many fields [1–3] nowadays. The military field, utilizes radar technology in low-frequency 
band; the civil field, commonly uses UHF band in radio frequency identification (RFID) 
technology, EM compatibility (EMC), and 4G mobile communication technology [4–6]. Further, 
EM radiation surrounds in people’s lives. Therefore, the development of low-frequency absorbers 
can be used for radar stealth on aircraft surfaces and to effectively improve the EMC performance 
of application systems and the EM environment of humans. Absorbers are a kind of energy 
conversion material, that dissipates the incident EM energy or make it disappear by EM 
interference; they can absorb the incident EM wave effectively without reflection. Since Landy 
first proposed a perfect metamaterial absorber in 2008 [7], metamaterials has become a hot 
research topic in the field of wave absorption. This material is an artificial composite material with 
periodic structure unit with subwavelength size. Metamaterials also possess abnormal physical 
properties, such as negative permeability and negative permittivity, which are not possessed by 
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natural materials [8–12]. The use of metamaterials as absorber breaks through the thickness of 
traditional material λ/4, reduces the overall thickness, and broadens the working frequency band 
of the absorber [13–15], providing a broad prospect for the development of absorbing materials. 
The research methods for EM metamaterial absorbers have been gradually matured, and their 
achievements include various frequency bands of EM waves, however most results are 
concentrated in the GHz to higher frequency bands [16–18]. As the wavelength of UHF band is 
long, the corresponding absorber is generally larger, and the absorption bandwidth at resonance 
point is relatively narrow, resulting difficulties in exploring UHF absorption materials. As a result, 
broadband microwave metamaterial absorbers of this band have rarely been reported. Owing to 
the current development and practical needs of metamaterial absorbers, this paper explores the 
possibility of realizing the meta-material low-frequency absorber and its realization method based 
on the basic requirements of designing the low-frequency metamaterial absorbers and considering 
the widened working frequency band as the center. 
Widening the working frequency band of absorber and reducing the thickness of materials are 
challenges in the field of EM wave [19]. In 2000, Rozanov proved this point theoretically and 
proposed that working bandwidth Δ𝜆𝜆 and thickness d are two opposite parameters [20]. For 
example, for a single-layer Salisbury screen absorber, good performance can be achieved only in a 
specific frequency band [21]. However, the design goal of microwave absorber is to achieve 
minimum reflectivity in the widest frequency range with minimum thickness of materials. 
Absorption bandwidth is constantly related to EM parameters and thickness of materials. The 
relationship is that a wider working bandwidth Δ𝜆𝜆  indicates greater thickness of the 
corresponding absorbing material or larger real part of the magnetic permeability. In 2010, Bao et 
al. [13] showed two structures, which are composed of dendritic cells with different geometric 
dimensions and absorption band widths of 1.93 at the microwave frequencies. Based on this model, 
Gu et al. [14] improved absorption band widths to 2.35 GHz. In 2014, Wang et al. [15] proposed a 
lightweight broadband absorber based on resistance. Absorption reaches over 80% in the 
frequency range of 8–1. 7 GHz, with a 72% relative bandwidth. And Yoo et al. proposed a flexible 
metamaterial absorber reaching good absorption in a narrow band around 400 MHz, with 1/62λ 
thickness of the material [22]. In 2017, Zuo et al. proposed a miniaturized metamaterial absorber, 
which achieve good absorption in the 860–960 MHz band, and are used in RFID systems [23]. 
The absorber features a narrow operating band of around 100 MHz. In 2017, J Mou et al. adopted 
a four-layer non-Foster circuit board and a magnetic substrate to achieve ultra-wideband 
absorption in 160–1000 MHz [19].The use of precision circuit boards and high-permeability 
substrates considerably improves absorption, substantially increasing the production cost and 
weight of absorbers. Therefore, to make absorber in UHF band have high-performance broadband 
absorption, at the same time, light-weight and low-cost is a difficult issue need to be solve.   
  According to Rozanov’s theory, this paper proposes two kinds of low-frequency broadband 
composite metamaterial absorbers based on the resistance film with dendritic waveguide (RFDW) 
proposed by Wang Mei et al. [24, 25]. Two composite metamaterial absorbers combine 
metamaterial unit cells of different structures and sizes [26, 27]; these absorbers achieve an 
absorption of over 90% in the range of approximately 300–1000 MHz. The first metamaterial 
absorber is the magnetic-metamaterial composite absorber 1 (MA1) which increases the magnetic 
permeability of materials as the microwave permeability of magnetic materials (MM) is no more 
than a single-digit order of magnitude. The second absorber is the dielectric-metamaterial 
composite absorber 2(MA2) which sacrifice the thickness, but whose weight is within an 
acceptable range by using a low-density dielectric material. 
 
II. Magnetic - metamaterial composite absorber 
According to Rozanov’s theory, the operating bandwidth Δλ of the absorber is related to 
thickness d and permeability μ: |ln𝜌𝜌0|(𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 − 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚) < 2𝜋𝜋2�𝜇𝜇𝑠𝑠,𝑚𝑚
𝑚𝑚
𝑑𝑑𝑚𝑚                             (1) 
where 𝜌𝜌0 refers to the voltage reflection coefficient; λmax and λmin denote the maximum and 
minimum operating wavelength respectively. di and μ(s, i) are the thickness and static permeability 
of the i-th layer of the multilayer slab respectively. Two kinds of low-frequency broadband 
absorbers are designed to adopt the sandwich structure in this paper. The first is MA 1, whose 
design is shown in Fig. 1. The first layer represents the impedance surface of the dendritic slot, 
which is employed to guide the current flow. The second layer is a MM substrate, which mainly 
produces magnetic dielectric loss. The third layer is a metal grounding plate (GP). 
Fig. 1 shows the unit cell of MA1. The top layer is an indium tin oxide(ITO) metasurface 
engraved with two different sizes of dendritic structure. The yellow area is a film with a square 
resistance value, which is recorded as ohmic. As presented in Fig. 1b, the first branch length is 
a=0.18 * Li, the second branch length is b= 0.26 * Li, and the branch width is w=0.08 * Pi. The 
period of the unit structure is L, where L1 corresponds to the center of the period of the large 
branch, L2 refers to the period of the surrounding four small branches, and 2*x denotes the 
distance between metasurfaces of adjacent periods. A substrate in the middle with dielectric 
constant ε , magnetic permeability μ, and thickness h is used. 
（a） （b） 
Fig. 1 Structure schematic of MA1 absorber a a single 
 unit cell b dendritic metasurface Structure  
 
All simulations in the work are carried out using the commercial software Computer 
Simulation Technology (CST) Microwave Studio. Periodic boundary condition in the calculation 
process is used to simulate the actual materials (Fig. 2). The waveguide port with plane EM wave 
excitation is set, and the EM wave is travels the negative z axis through the model to the metal 
backboard. The frequency solver is used to calculate the reflection parameter (S11). Transmission 
parameter is zero given the absence of transmission. Thus, we can obtain the absorption rate A(ω) from the equation: A(ω) = 1− R(ω) = 1 − |𝑆𝑆11|2. 
 
Fig. 2 Periodic boundary setup of the model  
 
A. Design, results, and discussion 
For the MA1 model, design parameters are obtained through parameter optimization using 
CST and analyzing the influence of each geometric parameter on absorption. The best parameters 
include the following: L=105 mm, L1=70 mm, L2=20 mm, ohmic = 38 Ω/square, x = 2.7 mm, and 
θ=45°. The parameters of the middle magnetic substrate are ε=2, μ=3, h=27 mm. Copper is used 
as the metallic layer with a conductivity of 5.8×10^7 S/m. The thickness of copper is 0.036 mm. 
Fig. 3 shows the absorption curve of the model optimized by parameters. In the range of 0.32–1.1 
GHz, the reflection coefficient consistently remains below -10 dB, that is, over 90% absorption. 
The nature of perfect absorption can be explained by the impedance matching theory[28]. At the 
absorption frequency, effective impedance is perfectly matched with free 
space( Z = �𝜇𝜇(𝜔𝜔) 𝜀𝜀(𝜔𝜔)⁄ = 1 ) by controlling the electric permittivity ε and the magnetic 
permeability μ. Based on reflection and transmission parameters, effective impedance can be 
given by Ref.29: 
Z = �(1 + 𝑆𝑆11(𝜔𝜔))2 − 𝑆𝑆212 (𝜔𝜔)(1− 𝑆𝑆11(𝜔𝜔))2 − 𝑆𝑆212 (𝜔𝜔)                               (2) 
Fig. 3b plots the extracted real and imaginary parts of relative impedance. The real part of the 
relative impedance is closer to 1.0 at the absorption frequency. 
(a) (b) 
Fig. 3 Simulation results of optimal structure MA1. a reflection characteristic 
 curve S11; b relative wave impedance 
 
To examine the importance of the dendritic metasurface and magnetic medium to MA1, we 
calculate the reflection characteristic curve S11 of the model of removed dendritic metasurface 
(Fig.4) and the model of removed magnetic medium (Fig.5) based on the optimal model. As 
shown in Fig. 4, when the dendritic metasurface is removed, the absorber of the single magnetic 
medium shows almost no absorption, indicateing the major role played by the dendritic 
metasurface. The below surface current map shows that the metasurface induces a current and 
produces electrical resonance, which produces magnetic resonance with the back metallic layers; 
the main loss in the absorber occurs on the dendritic metasurface. As shown in Fig. 5, when 
magnetic medium is changed to air (ε=1, μ=1; blue area) medium, the absorption curve undergoes 
a blueshift, and the absorber still exhibits good absorption in the higher frequency part. The use of 
magnetic medium effectively reduces the operating frequency of the absorber. 
 
Fig. 4 Reflection characteristic curve S11          Fig. 5 Reflection characteristic curve S11 
when dendritic metasurface is removed         when magnetic medium is removed 
 
The dendritic metasurface uses semiconducting ITO film with the area resistance ohmic. Fig. 6 
shows the reflection characteristic curve S11 for different values of area resistance ohmic. As 
ohmic increases from 18 Ω/square to 58 Ω/square, two absorption peaks combine as one peak, and 
a wide absorption band with reflectivity lower than -10 dB is obtained when ohmic=38 Ω/square, 
as shown by the blue line in Fig. 6. 
 
Fig.6 Reflection characteristic curve S11 with different area resistances  
 
The magnetic medium is a key point in the design of the absorber. Fig. 7 shows the influence 
of permeability μ on absorption. Different permeabilities μ correspond to different reflection 
characteristic curves (S11). As the value of permeability μ of the middle medium layer increases, 
the operating frequency of MA1 gradually shifts to the low-frequency region. Application of 
magnetic medium to the metamaterial absorber can effectively reduce the absorption frequency 
[30,31]. Given the dispersion characteristics of the actual magnetic material in the high-frequency 
part and the influence of magnetic permeability on weight, the optimum value μ=3 is considered. 
 
Fig.7 Reflection characteristic curve S11 with different permeabilities 
 
To further understand the absorption mechanism of MA1, we add surface current and energy 
flow monitors during simulation. Fig. 8a shows the surface current distribution of MA1 at 0.41 
GHz. The red arrow indicates the direction of main current flow. The dendritic slot can guide the 
direction of surface current, and two circular electric currents with opposite directions are 
generated in the top layer benefit from this design. The two circular current flows can be 
equivalent to two dipoles, which generate considerable electric resonance. Moreover, the current 
in the back plate follows an opposite direction compared with that in the top layer, and this 
condition implies that a circular current can be formed between the top layer and back plate, 
which can yield strong magnetic resonance. As a result, EM resonance leads to EM energy 
absorption. The power loss distribution of MA1 at 0.4 GHz is also monitored, and the result are 
shown in Fig. 8b. Power loss is mainly dissipated in the horizontal direction between two small 
branches and the adjacent part to large branches. 
(a) (b) 
Fig.8 The distribution of (a) surface current distribution and (b) power loss of MA1 at 0.4GHz 
 
Owing to the high symmetry of MA1 structure, we understand that the MA1 model features 
polarization insensitivity characteristics. Now we analyze the influence of the angle of inclination 
of the incident EM wave on reflection. In this paper, the sensitivity of the MA1 model under the 
incident angle of transverse electric (TE) and transverse magnetic (TM) waves is simulated, as 
shown in Fig. 9. For the TE wave, as the incident angle is widens, the absorption performance 
gradually worsens (Fig. 9a). The MA1 model shows its eminent absorption character (>80%) at an 
incident angle of less than 45°. For the TM wave, the absorption character exhibits a complicated 
pattern. As shown in Fig. 9b, when the incident angle is less than 45°, the absorption in the 
low-frequency band (0.3–1 GHz) increases with incident angle, whereas the opposite is observed 
in the high-frequency band (1–1.4 GHz). When the incident angle is greater than 45°, the 
absorption performance gradually worsens as the incident angle is large. 
(a) (b) 
Fig. 9 Reflection characteristic curve S11 at different 
incident angles for MA1. a TE wave b TM wave 
 
III. dielectric- metamaterial composite absorber 
The second work is dielectric - metamaterial composite absorber 2 (MA2). The first layer is 
the impedance surface of the dendritic slot, which is similar to that of MA1. The second layer is 
polymethacrylimide (PMI) dielectric material, and the third layer is a metal GP. Fig. 10 shows the 
basic structure unit cell of MA2. The top layer is an ITO branch metasurface structure, and the 
dendritic structure adopts shade-engraved branches of two different periods. The whole unit cycle 
length is 2*L, and the width is L, whose period of large and small branch structure are L1 and L2, 
respectively. The middle is PMI dielectric substrate with a dielectric constant of 1.4 and possesses 
low density, and dielectric constant; its thickness is h. The bottom layer is copper with a thickness 
of 0.035 mm and a conductivity of 5.8 x 107 S/m. 
(a) (b) 
Fig.10 Structure schematic of MA2 absorber a a single 
 unit cell b dendritic metasurface structure  
 
The EM environment set in the simulation calculation is the same as that of MA1, and the 
periodic boundary conditions are shown in Fig. 11. 
 
Fig. 11 Periodic boundary setup of the model  
 
B. Design, results, and Discuss 
For the MA2 model, the design parameters are obtained through parameter optimization using 
CST and analyzing the influence of each geometric parameter on absorption. The best parameters 
of unit cell are as follows: L=110 mm, L1=110 mm, L2=80 mm, ε=1.4, μ=1, h=55 mm, ohmic=29 
Ω/m2, w1=2.5 mm, w2=2 mm, and x=1.2 mm. Fig. 12a displays the absorption curve of the 
model optimized by parameters. In the frequency range of 0.38-1.05 GHz, the reflectivity of the 
absorber is less than -10dB, and the corresponding absorption rate exceeds 90%. Based on the 
reflection and the transmission parameters, effective impedance can be given, as shown in Fig. 
12b. 
(a) (b) 
Fig.12 Simulation results of optimal structure MA2. a reflection characteristic  
curve S11; b relative wave impedance 
 
According to the combination of the models (Fig. 10), the unit cell of the absorber consists of 
two dendritic structures of different sizes, which absorb different microwave frequencies. Fig. 12a 
shows two absorption peaks at f1=0.45 GHz and f2=0.9 GHz. To explore the absorption 
mechanism, the structure of a single branch unit was simulated separately (Fig. 13). Fig.13a 
displays the reflection characteristic curve of the absorber consisting of a single small-branch 
structure unit. The central frequency band of the working response of the structure is f=0.38 Hz. 
Fig. 13b presents the reflection characteristic curve of the absorber consisting of a single 
large-branch structure unit. The central frequency band of the working response of the structure is 
f=0.71 GHz. Compared with the absorption characteristic curve of the composite structure, the 
absorption of the small branch unit corresponds to the first absorption peak, and that of the large 
branch unit corresponds to the second absorption peak. Moreover, after the combination of the two 
structural units, the working frequency of the center undergoes a blueshift, but the offset is 
negligible. As a result, the two absorption bands are connected, and the absorption bandwidth is 
widened. By combining different physical size metamaterial elements, the dendritic metamaterial 
units working in different frequency bands are combined to achieve continuous absorption in a 
wider frequency range. 
(a) (b) 
Fig.13 Reflection characteristic curve S11 for a the absorber of single small 
unit cell and b the absorber of single large unit cell 
 
To investigate the influence of surface resistance ohmic on the absorber, the simulated 
reflectivity for different values of ohmic is plotted in Fig. 14. As resistance ohmic increases from 
21 Ω/square to 37 Ω/square, the reflective characteristic curve S11 changes from two reflective 
peaks to one, thus widening the absorption bandwidth. According to the principle of equivalent 
EM resonance, the quality factor Q of the equivalent circuit of the absorber is calculated as 
follows: Q = ω 𝐿𝐿
𝑅𝑅
= 1
𝜔𝜔𝜔𝜔𝑅𝑅
                           (3) 
where ω, L, C, and R denote the resonant angular frequency, equivalent inductance, equivalent 
capacitance and equivalent resistance respectively. When resonance occurs, the pass band BW is 
computed as follows :   BW = 𝜔𝜔
𝑄𝑄
                                             (4) 
Formulas (3) and (4) show that when EM resonance occurs, the value of the quality factor Q 
decreases with increasing R value, and the sharp curve becomes smooth, such that the passband 
widens. When ohmic= 29 Ω/square, the two absorption peaks are connected together to obtain 
good absorption in a wider band and achieve the desired results ( i.e. the blue curve in the figure). 
 
Fig.14 Reflection characteristic curve S11 with different area resistances  
 
To further understand the absorption mechanism of MA2, we add surface current and energy 
flow monitors during simulation. Fig.15a shows the surface current distribution of MA1 at 0.9 
GHz. The red arrow indicates the direction of main current flow. Each dendritic unit forms a 
separate current loop. The current is dense near the branches，and the dendritic waveguides exert 
an induction effect. The distribution of energy flow in Fig. 15b shows that energy loss is 
concentrated near the branches, indicating that the dendritic structure of metamaterials plays an 
important role in the absorber. 
(a) (b) 
Fig.15 The distribution of a surface current distribution and b power loss of MA2 at 0.9 GHz 
 
Finally, considerable attention is focused on demonstrating the insensitivity of the absorber to 
the incident angle. Reflectivity curves under TE and TM incident waves with different incident 
angles for the MA2 are simulated and shown (Fig. 16). For TE wave, when the incident angle is 
less than 45°, the absorber still presents a good absorption effect and the absorption coefficient is 
over 80%.However, as the angle continually increases, the absorption effect worsens. For TM 
wave, the variation in absorption effect is more complicated. At an incident angle of less than 45°, 
as the incident angle increases, the absorption effect improves but slightly undergoes a blueshift. 
Over 45° range , poorer absorption effect is observed with increasing incident angle. 
(a) (b) 
Fig. 16 Reflection characteristic curve S11 at different incident angles for MA2. 
 a TE wave b TM wave 
 
IV. Conclusion 
 In this paper, two kinds of UHF band low-frequency broadband metamaterial absorbers are 
designed. Absorption rates exceed 90% in the range of approximately 300-1000 MHz. For MA1, 
magnetic medium is used to reduce the thickness of the middle substrate, and the absorption 
frequency band is 320-1100 MHz. For MA2, the thickness of the absorber is sacrificed, but the 
dielectric substrate PMI foam of low density is used; the absorption frequency band is 380-1050 
MHz. Both ofabsorbers present good adaptability to the incident angle of the incident wave. At an 
incident angle of 45゜, both absorbers show good absorption rate of over 80 %, and are insensitive 
to the planned mode of incident wave. Compared with other absorbers, the propose absorbers 
feature a wide working frequency range of approximately 700 MHz. Processing samples of ITO 
resistance film and PMI foam board are simple and inexpensive. In designing absorbers, the most 
important thing is to consider the weight problem, which feature certain advantages in terms of 
use. 
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